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(57) ABSTRACT 

Methods for implementing transmission time interval (TTI) 
bundling, and a wireless transit/receive unit (WTRU) and a 
base station configured to process the methods are shown. 
The method includes the WTRU receiving a TTI control 
signal and/or configuration message from a network and the 
WTRU transmitting TTI control signals to the network. The 
control signals and/or configuration message may be sent via 
Layer 1, Layer 2, or Layer 3 messages. Signaling may be 
implemented, for example, using or via an enhanced-absolute 
grant channel (E-AGCH), a high speed-shared control chan 
nel (HS-SCCH), Medium Access Control (MAC) headers, 
radio resource control messages, a logical channel ID, infor 
mation elements, and the control signals and/or configuration 
may include, for example, information related to triggering 
criteria, activation and de-activation, number of retransmis 
sions, handover related information and configuration infor 
mation. 
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METHOD TOIMPLEMENT TRANSMISSION 
TIME INTERVAL BUNDLING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. provi 
sional application Nos. 61/047,808, filed Apr. 25, 2008 and 
61/156.288, filed Feb. 27, 2009, which are incorporated by 
reference as if fully set forth. 

FIELD OF INVENTION 

0002 This application is related to wireless communica 
tions. 

BACKGROUND 

0003. Several techniques have been proposed to enhance 
the uplink coverage of a high speed packet access (HSPA) 
wireless communication system. One feature of HSPA is the 
use of a 2 ms transmission time interval (TTI). For a given 
transport block size (TBS), the use of 2 ms TTIs results in 
Smaller amounts of energy per information bit, thus reducing 
coverage. The use of TTI bundling, also referred to as autono 
mous retransmission, has been identified as one way to 
enhance the uplink coverage. This technique allows a wire 
less transmit receive unit (WTRU) to make a predetermined 
number of retransmissions without waiting for a non-ac 
knowledge signal (NACK) between the transmissions. 
0004. The use of TTI bundling may be controlled through 
the high speed shared control channel (HS-SCCH). However, 
there are limitations to a base station's control of TTI bun 
dling via the HS-SCCH such as, but not limited to, guaran 
teeing the delivery of control information via the HS-SCCH 
or handling soft handover on the condition that TTI bundling 
maybe activated. 
0005. The use of TTI bundling in high speeduplink packet 
access (HSUPA) also has a number of deficiencies with 
respect to this method such as, but not limited to, not knowing 
which entity controls activation/deactivation of TTI bundling 
mode and when, not defining criteria for using TTI bundling 
and not communicating to the other entity(ies) that TTI bun 
dling is active/inactive. 

SUMMARY 

0006 Methods for implementing transmission time inter 
val (TTI) bundling, and a wireless transit/receive unit 
(WTRU) and a base station configured to process the methods 
are shown. The method includes the WTRU receiving a TTI 
control signal and/or configuration message from a network 
and the WTRU transmitting TTI control signals to the net 
work. The control signals and/or configuration message may 
be sent via Layer 1, Layer 2, or Layer 3 messages. Signaling 
may be implemented, for example, using or via an enhanced 
absolute grant channel (E-AGCH), a high speed-shared con 
trol channel (HS-SCCH), Medium Access Control (MAC) 
headers, radio resource control messages, a logical channel 
ID, information elements, and the control signals and/or con 
figuration may include, for example, information related to 
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triggering criteria, activation and de-activation, number of 
retransmissions, handover related information and configu 
ration information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. A more detailed understanding may be had from the 
following description, given by way of example in conjunc 
tion with the accompanying drawings wherein: 
0008 FIG. 1 shows an example wireless communications 
system including functional block diagrams of a wireless 
transmit/receive unit (WTRU) and a base station; 
0009 FIG. 2 shows an example high level architecture of 
a wireless communications system; 
0010 FIG.3 is an example flowchart for transmission time 
interval (TTI) bundling: 
0011 FIG. 4 is an example flowchart for transmission time 
interval (TTI) bundling; and 
0012 FIG. 5 is an example flowchart for transmission time 
interval (TTI) bundling. 

DETAILED DESCRIPTION 

(0013 When referred to hereafter, the terminology “wire 
less transmit/receive unit (WTRU)” includes but is not lim 
ited to a user equipment (UE), a mobile station, a fixed or 
mobile Subscriber unit, a pager, a cellular telephone, a per 
Sonal digital assistant (PDA), a computer, or any other type of 
user device capable of operating in a wireless environment. 
When referred to hereafter, the terminology “base station' 
includes but is not limited to a Node-B, a site controller, an 
access point (AP), or any other type of interfacing device 
capable of operating in a wireless environment. 
(0014) When referred to hereafter, the terminology “TTI 
bundling”, “bundled transmission', and “autonomous 
retransmissions' are used interchangeably and they refer to 
the transmission of a data packet with at least one consecutive 
autonomous retransmission. They may also refer to the trans 
mission of a data packet using an integer number (larger than 
1) of transmission time intervals (TTI), wherein the TTIs may 
not necessarily be repeated. 
0015. Although the methods and apparatus are described 
herein in the context of the Third Generation Partnership 
Projects (3GPP) wideband code division multiple access 
(WCDMA) systems, it should be understood to one skilled in 
the art that the methods and apparatus described herein are 
also applicable to any wireless communications system that 
may support autonomous retransmissions. Such as Long Term 
Evolution (LTE) or Worldwide Interoperability for Micro 
wave Access (WIMAX). 
0016 FIG. 1 is a wireless communication system 100 
including, but not limited to, functional block diagrams of a 
wireless transmit/receive unit (WTRU) 110 and a base station 
120 (shown for example as a Node-B). As shown in FIG. 1, 
the WTRU 110 is in communication with the base station 120 
and both are configured to perform a method of transmission 
time interval (TTI) bundling. 
0017. In addition to the components that may be found in 
a typical WTRU 110, the WTRU 110 includes a processor 
115, a receiver 116, a transmitter 117, and an antenna 118. 
The processor 115 is configured to perform a method of 
transmission time interval (TTI) bundling in the WTRU 110. 
The receiver 116 and the transmitter 117 are in communica 
tion with the processor 115. The antenna 118 is in communi 
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cation with both the receiver 116 and the transmitter 117 to 
facilitate the transmission and reception of wireless data. 
0018. In addition to the components that may be found in 
a typical base station, the base station 120 includes a proces 
sor 125, a receiver 126, a transmitter 127, and an antenna 128. 
The processor 125 is configured to perform a method of 
transmission time interval (TTI) bundling in the WTRU 110. 
The receiver 126 and the transmitter 127 are in communica 
tion with the processor 125. The antenna 128 is in communi 
cation with both the receiver 126 and the transmitter 127 to 
facilitate the transmission and reception of wireless data. 
0019 FIG. 2 shows a wireless communication system 200 
including a plurality of WTRUs 210, a base station 220, a 
controlling radio network controller (CRNC) 230, a serving 
radio network controller (SRNC) 240, and a core network 
250. The base station 220, the CRNC 230 and the SRNC 240 
may collectively be referred to as the UTRAN 235. 
0020. As shown in FIG. 2, the WTRUs 210 are in commu 
nication with the base station 220, which is incommunication 
with the CRNC 230 and the SRNC 240. Although three 
WTRUs 210, one base station 220, one CRNC 230, and one 
SRNC 240 are shown in FIG. 2, it should be noted that any 
combination of wireless and wired devices may be included 
in the wireless communication system 200. 
0021. The following discussion presents a WTRU 210 and 
a base station 220 that are configured to process signaling 
methods and/or configuration messages and procedures that 
enable the activation, deactivation and configuration of the 
TTI bundling mode as controlled by the UTRAN 235 and 
then as controlled by the WTRU210. WTRU 210 behavior is 
also presented with respect to both control perspectives. 
0022. A radio network, such as for example, the UTRAN 
235, may control the use of TTI bundling by the WTRU210. 
This control may be achieved by sending several different 
types of control information, examples of which are provided 
herein. 
0023. In an example method, the UTRAN 235 may indi 
cate to the WTRU 210 to start TTI bundling at the next 
transmission opportunity and for all Subsequent transmission 
opportunities until it receives a command to stop TTI bun 
dling. 
0024. In another example, the UTRAN 235 may indicate 
to the WTRU 210 to start TTI bundling at the next transmit 
opportunity and for all Subsequent transmission opportunities 
until a predetermined criteria is met. 
0025. In another example, the UTRAN 235 may indicate 
to the WTRU210 the number of autonomous retransmissions 
a WTRU 210 may use for its next transmit opportunity. A 
value of 0 may be used to indicate not to use TTI bundling. 
0026. In another example, the UTRAN 235 may indicate 
to the WTRU210 the number of autonomous retransmissions 
the WTRU 210 should use for each HARQ process. If the 
number of autonomous retransmissions is the same for each 
HARO process, a single enumerated value (i.e., number of 
autonomous retransmissions) may be configured (for 
example 0, 1, 3, 7 or any other applicable value). The WTRU 
210 may then identify based on the number of autonomous 
retransmissions which HARQ processes will remain active. 
For example, if the number of autonomous retransmissions is 
0,1,3, or 7, the active HARQ processes will correspond to all, 
0,2,4,6, 0.4 and 0, respectively. 
0027. In another example, the UTRAN 235 may indicate 
to the WTRU 210 the maximum number of autonomous 
retransmissions the WTRU 210 should use. The actual num 
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ber of autonomous retransmissions that the WTRU 210 per 
forms for a given medium access control (MAC-e) or MAC-i 
protocol data unit (PDU) may depend on the enhanced data 
channel (E-DCH) transport format combination (E-TFC) 
selection procedure and/or on the available power margin. 
(0028. In another example, the UTRAN 235 may indicate 
to the WTRU 210 the HARQ processes to be used for initial 
transmissions. The WTRU 210 may implicitly determine that 
the HARQ processes not listed or indicated may be used for 
autonomous retransmission and appropriately deactivate or 
disable them. Alternatively the UTRAN 235 may indicate to 
the WTRU210 the HARQ processes that are to be deactivated 
so that autonomous retransmissions may be used instead. 
(0029. In another example, the UTRAN 235 may indicate 
to the WTRU 210 a TTI bundling activation time. The acti 
vation time may also be provided by the radio network con 
troller (RNC) to all neighboring base stations 220. 
0030. In another example, the UTRAN 235 may indicate 
to the WTRU 210 to activate TTI bundling at the first TTI or 
the first HARQ process (for example, HARQ process ID “0”). 
0031. The TTI bundling commands, control information 
and/or configuration messages (these terms being used inter 
changeably herein) may be signaled to the WTRU210 via, for 
example, Layer 1 (L1), Layer 2 (L2), Layer 3 (L3) or any 
combination thereof. 
0032. In an example L1 signaling method, the UTRAN 
235 may use the enhanced absolute grant channel (E-AGCH) 
to convey TTI bundling commands that are described herein 
by using a new E-AGCH structure defined for this purpose or 
changing the function or interpretation of predetermined 
fields in the existing E-AGCH. 
0033 For example, a portion of the absolute grant value 
field may be used to carry the number of autonomous retrans 
missions that a WTRU 210 may use. In another example, a 
reserved value of the WTRU 210 grant field may be defined 
and used to activate/deactivate TTI bundling. In another 
example, the absolute grant scope field may be used to indi 
cate to the WTRU 210 to activate/deactivate TTI bundling. 
For instance, if TTI bundling mode is configured, the “per 
HARO process' value may be re-interpreted to mean that TTI 
bundling should be activated. 
0034. In another example, the interpretation of a setting of 
“INACTIVE in the absolute grant value field may change 
when the WTRU 210 is configured to operate in TTI bundling 
mode and when absolute grant scope is set to “per HARQ 
process'. For example, “INACTIVE may represent that 
HARO processes (e.g., the TTI corresponding to this HARQ 
process) cannot be used for an initial transmission, but may be 
used for autonomous retransmissions. In an alternative inter 
pretation, a value of “INACTIVE and “per HARQ process” 
may signal to the WTRU 210 to activate TTI bundling at this 
HARO process. 
0035. In another example, a “Zero grant setting in the 
E-AGCH may indicate that the HARQ process may not be 
used for initial transmission when the absolute grant scope is 
set to “per HARQ process” and that the TTI corresponding to 
the HARO process may be used only for autonomous retrans 
missions. 
0036. In another example, the WTRU 210 may be 
assigned a special enhanced radio network temporary identi 
fier (E-RNTI) value. When the E-AGCH is masked with the 
special E-RNTI value, the WTRU 210 implicitly knows that 
this command is used for autonomous retransmission and the 
E-AGCH structure orbit interpretation is as described herein. 
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In yet another example, a normal interpretation of the 
E-AGCH may be used, but if the E-AGCH is masked with the 
special E-RNTI, this may be used as an indication to the 
WTRU 210 to enable autonomous retransmission with a con 
figured value that has been provided to the WTRU 210 pre 
viously. The same method may be used to disable autono 
mous retransmissions. 
0037. In a further L1 signaling example, a new L1 channel 
may be defined to convey any of the TTI bundling commands 
described herein. 
0038. In a L1 signaling example, the use of L1 to control 
TTI bundling may facilitate, but not force, the UTRAN235 to 
control the use of TTI bundling on a per-TTI basis. 
0039. In yet a further L1 signaling example, an HS-SCCH 
order may be used to provide information regarding activat 
ing/deactivating or enabling/disabling the TTI bundling 
operation, the HARQ process ID to apply to the TTI bundling, 
and/or the number of retransmissions per HARQ process. In 
an example method, if all HARQ processes are configured to 
have the same number of autonomous retransmissions, a two 
bit field may be used to indicate an index to the number of 
retransmissions (0, 1, 3, 7). The HS-SCCH order signaling 
may be implemented using the example method where the 
Order Type bits are labeled X1,X2, X, and the Order 
bits are X1, X2, Xs. A new order is defined for TTI 
bundling, in this example, the Order Type X1, X2, X, 
3=010. For the TTI bundling order type, the mapping for 
X1, X2, Xs, where the order may be used to activate/ 
deactivate the TTI bundling according to a preconfigured 
pattern or according to a pattern determined by the WTRU 
210, may be as follows: 

10040 X1, X2, X, is comprised of: 
0041) Reserved (2 bits): X1, X2, X, X, a 
I0042 TTI bundling activation (1 bit): X. Xzr 

binding,1 

10043. If X, -'0 then the HS-SCCH order is 
a TTI bundling de-activation order. 

10044) If x, al- 1 then the HS-SCCH order is a 
TTI bundling activation order. 

0045. In another example, the 2 reserved bits may be used 
to provide additional information to the WTRU 210, such as 
the TTI bundle size or the maximum TTI bundle size, which 
is the number of TTIs that are to be bundled in the TTI bundle. 
For example, one or a combination of the following interpre 
tations may be used 

0046) Xord, 1: Xord.2 X bundliesize, 1: Xbundliesize.2 
0047. If X bundlesize, 1: Xenilesie200 then the bundle 
size is 1 (i.e. no TTI bundling or repetition) 

0048. If Xbundlesize, 1: Xbundlesize,201 then the bundle 
size is 2 

0049. If bundlesize, 1: bun aest-e 210 then the bundle 
size is 4 

0050. If Xbundlesize, 1: Xbundlesize,211 then the bundle 
size is 8 

0051. In such deployments, the HARQ processes that are 
allowed for initial transmission are preconfigured depending 
on the TTI bundle size. 
0.052 In an example L2 signaling method, new signaling 
may be used to control the use of TTI bundling at the WTRU 
210. For example, a header field may be included in the 
MAC-ehs or MAC-hs header to indicate activation/deactiva 
tion of TTI bundling or to command the WTRU 210 to use a 
given number of autonomous retransmissions. 
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0053. In another example, a special value of the Logical 
Channel ID (LCH-ID) may be used to indicate to the WTRU 
210 that control information on TTI bundling follows at the 
end of the payload. In yet another example, 4 bits may be 
available in the header, for byte alignment purposes, follow 
ing the LCH-ID. These 4 bits may be used to indicate to the 
WTRU 210 that the TTI bundling may be enabledor disabled 
by setting the bits to 0000 or 0001 respectively. The other 
values may be reserved for other purposes. Alternatively, a 
predetermined value of the 4 bits may be reserved to indicate 
that the payload contains TTI bundling information. 
0054. In an example L3 signaling method, the UTRAN 
235 may configure, activate and deactivate the use of TTI 
bundling at the WTRU 210 using radio resource control 
(RRC) signaling. For example, new or modified information 
elements (IEs) may be used, such as Radio Bearer Configu 
ration/Reconfiguration or Transport channel configuration/ 
reconfiguration messages. In an example, the IE “E-DCH 
info'', used to configure E-DCH operation, may be extended 
to provide the TTI bundling information. Alternatively, RRC 
control messages may be used. For example, the RRC mes 
sage may provide an activation time to the WTRU 210 and at 
the given activation time, a WTRU 210 may enable or disable 
TTI bundling. The activation time may be provided to a 
neighboring base station, which allows for full synchroniza 
tion between the WTRU 210 and all base stations in the active 
Set 

0055. In a further example, the RRC message may be used 
to configure a WTRU 210 with the TTI bundling pattern. For 
instance, the WTRU 210 may receive information regarding 
the number of HARQ process IDs, the number of retransmis 
sions per HARQ process IDs if it is different on a per HARQ 
process level, or any of the other signaling information dis 
cussed herein. 
0056. In another example, the TTI bundling pattern and 
activation/deactivation of TTI bundling may be configured 
via L3 or RRC signaling. The WTRU 210 may not use the 
pattern until the UTRAN 235 signals to the WTRU 210 to 
activate the configured TTI bundling mode. The activation/ 
deactivation signaling may be provided using any of the L1, 
L2 or L3 methods discussed herein. 
0057 For example, when L1 or L2 signaling is used to 
activate/deactivate TTI bundling in the WTRU 210, the serv 
ing base station, signals to the non-serving base station that 
Such order has been sent. This may be done, for example, via 
the lubflur interface. The signaling or indication, may be sent 
as soon as the order is sent, or alternatively, only once the 
acknowledgement (i.e., HARQ ACK) on the TTI bundling 
activation/deactivation order (or MAC PDU, in case of L2 
signaling) is received. 
0058. In another example, when L1 or L2 signaling, is 
used to activate/deactivate TTI bundling, the WTRU 210 may 
be configured to act on the order XTTIs from the reception of 
the message, where X may be a predefined value. X may be 
set Such that it allows enough time to send an acknowledg 
ment to the base station 220, and, optionally, such that the 
other non-serving base stations are notified that the serving 
base station sent Such an order. 
0059. In an example method, if the network, e.g., the 
UTRAN 235, configures a WTRU 210 to use MAC discon 
tinuous transmission (DTX), the WTRU 210 may determine 
the TTI bundling pattern based on the MAC DTX (for 
example, using the enhanceduplink dedicated transport chan 
nel (E-DCH) start time restriction). For example, the param 
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eter, MAC Inactivity Threshold, may be set to 1 so that the 
WTRU 210 may not transmit HARQ processes (implicitly 
defined by the DTX pattern) regardless of the traffic activity. 
The WTRU 210 may use the inactive HARQ processes for 
autonomous retransmissions. The MAC DTX may continue 
(i.e., enhanced transport format combination (E-TFC) selec 
tion occurs on the TTIs defined by the MAC DTX feature, and 
thus on the corresponding HARQ processes). However, as 
stated herein, the WTRU 210 may be able to perform autono 
mous retransmissions on the inactive HARQ processes. 
0060. Further to this example, the WTRU 210 may be 
signaled to use the inactive HARQ processes TTI for autono 
mous retransmission only, by setting an inactivity threshold 
equal to 1. If an inactivity timer is larger than one (the inac 
tivity threshold), the WTRU 210 may not use the inactive 
HARO processes to transmit retransmissions. In another 
example, the WTRU 210 may not always use the DTX pat 
tern. The network, for example, the UTRAN 235, may have 
the option to indicate to the WTRU 210 when to start using the 
MAC DTX pattern for autonomous retransmissions by using 
one of the activation/deactivation methods described herein. 

0061. In another example, the WTRU 210 may be config 
ured to autonomously decide to start TTI bundling according 
to the MAC DTX pattern (if DTX is active) in accordance 
with a defined condition. More specifically, if the WTRU210 
is configured with TTI bundling (either L3 configured or 
activated via L1 or L2), and with MAC DTX as described 
herein, and if predetermined conditions are met, then the 
WTRU 210 may perform TTI bundling. The first transmis 
sion occurs on the active HARO process and the retransmis 
sions are performed on the following TTIs corresponding to 
the DTX-ed HARQ processes. The WTRU 210 may signal 
the base station 220 of TTI bundling on this deactivated 
process, or alternatively, just transmit using normal E-DCH 
signaling and the base station 220 determines that these are 
retransmissions since it is receiving data on the TTIs corre 
sponding to deactivated HARQ processes. When the condi 
tions are not met, the WTRU 210 only performs one trans 
mission on the active HARQ process. 
0062. In an example method, a WTRU 210 may be con 
figured to have some control regarding when to use TTI 
bundling. This may be done via procedures that dictate to the 
WTRU 210 when it should use TTI bundling and when it 
should not. For example, these procedures may either be 
predetermined or they may be configured by the UTRAN 
235. This may also apply to a RRC configured TTI bundling 
pattern or to HARQ process IDs. 
0063. A number of example methods that the WTRU 210 
uses to control TTI bundling operation relies on some criteria 
that the WTRU 210 may need to verify before triggering the 
TTI bundling operation or deciding to perform retransmis 
sions. For example, such criteria or triggers may include, but 
are not limited to, the E-TFC for the next transmission being 
Smaller than a given value, the running average of the E-TFC, 
or any other calculated metric based on E-TFC of past trans 
missions that may be determined to be below a predetermined 
value. 

0064. Other criteria may include the WTRU 210 not hav 
ing enough power to transmit or the WTRU 210 being in 
power limited scenarios or the WTRU 210 being in cell edge 
conditions. This may be determined according to uplink 
power headroom (UPH), the instantaneous uplink power 
headroom (e.g., averaged over the TTI) being below a given 
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value, the running average of the UPH, or any other calculated 
metric based on the UPH of past transmissions. 
0065. Another example criterion for determining power 
limitation is if the normalized remaining power margin 
(NRPM) is above or below a predetermined configured value. 
0066. Another example criterion for determining power 
limitation is when the WTRU 210 does not have enough 
power to transmit any of the configured E-TFCI (or the 
remaining power margin is not sufficient to transmit any of 
the configured E-TFCIs) and is making use of the minimum 
set E-TFCI, due to power limited situations. More specifi 
cally, as part of the E-TFC selection, the WTRU 210 may be 
configured to perform E-TFC restriction for a target E-DCH 
TTI, and determines the normalized remaining power margin 
(NRPM). If NRPM,<>(Ba??B) (or NRPM,<x (B /B.) 
wherein the target E-DCHTTI for which E-TFC restriction is 
being considered belongs to a compressed mode frame) then 
E-TFC, where E-TFC, correspond to the lowest configured 
E-TFC, is not supported. In this case, the only E-TFCI that the 
WTRU 210 will consider, as a supported E-TFC, is the 
E-TFCI value signaled in the minimum set E-TFCI. The 
WTRU 210 is configured to autonomously initiate TTI bun 
dling for this transmission. If in the next HARQ process, for 
which E-TFC selection is performed, this condition persists, 
the WTRU 210 continues TTI bundling. The WTRU 210 
performs one transmission (no TTI bundling) on the target 
E-DCH TTI for which that condition is not met. B/B and 
Bo??, is the quantized amplitude ratio. 
0067. Another example criterion for determining that the 
WTRU210 is power limited is if the total WTRU210 transmit 
power (optionally, after applying DPCCH power adjustments 
and gain factors) exceeds the maximum allowed value. 
0068 Another example criteria may include, but are not 
limited to, determining if metrics such as channel quality 
index (CQI) or received symbol strength indicator (RSSI) are 
below, or estimated path loss is above, a given or predeter 
mined value. Running averages may be used as well in 
another example method. 
0069. In another example method, the common pilot chan 
nel (CPICH) measurements of received signal code power 
(RSCP) or Ec/No may be determined to be below or above a 
configured threshold. Similarly, the running average of the 
RSCP or Ec/No may be used in still another example. 
0070 Another example criterion may be metric based on 
the set of E-TFCs in a blocked state. For example, the index of 
the smallest E-TFC in the blocked state may be equal to, 
below or above a configured threshold. Similarly, the set of 
E-TFCs in blocked state may include a configured, or a set of 
configured E-TFCs. 
0071 Another example criterion may be the highest pri 
ority logical channel or MAC-d flow, for the TTI in which 
E-TFC selection is being performed, that belongs to a list of 
allowed logical channels or allowed MAC-d flows for TTI 
bundling. More specifically, the network may explicitly indi 
cate to the WTRU210 the MAC-d flow or logical channels for 
which TTI bundling is allowed, via RRC configuration mes 
Sages. 

0072 Another example criterion may be that the logical 
channel priority or the MAC-d flow priority level belongs to 
a TTI priority level. More specifically, the WTRU210 may be 
configured to allow logical channels or MAC-d flow with a 
priority higher (or lower) than a configured or predetermined 
threshold to perform TTI bundling. 
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0073. Another example criterion may be that the transmis 
sion on the TTI being considered corresponds to a non-sched 
uled or scheduled flow. As such, the WTRU 210 may be 
preconfigured to only perform TTI bundling on non-sched 
uled flows or only on scheduled flows. Alternatively, this 
choice may be network configurable. 
0074 Another example criterion may be that the HARQ 
process is reserved for TTI bundling. For example, HARQ 
process 0 and 4 are reserved for TTI bundling operation. The 
decision on whether to perform autonomous retransmission 
may be based on one of the combinations described herein. 
The other HARQ processes may be used for normal trans 
mission if no autonomous retransmissions are taking place at 
that TTI. 
0075. Once a TTI bundling criteria as described herein has 
been verified by the WTRU210, the behaviors dictated by the 
TTI bundling procedures may include, for example, the 
WTRU 210 sending measurements to the UTRAN 235 to 
facilitate the decision-making process of the UTRAN 235 in 
regard to the use of TTI bundling. The WTRU 210 may be 
configured to send a set of measurements or indicators when 
one of the TTI bundling criteria is met. This information may 
then be used by the UTRAN 235 to determine if it should 
configure or activate/deactivate the WTRU 210 to operate in 
TTI bundling mode. The measurement report may consist of 
but is not limited to scheduling information (SI), a MAC-i 
PDU (using the reserved value of the LCH-ID and one of the 
values of the 4 following bits) or any other set of measure 
ments. The measurement report may be carried via L1, L2 or 
RRC signaling. A new measurement event, using one of the 
criteria defined herein, may be configured via a measurement 
control message. When the measurement criterion or criteria 
is met, a measurement report may be triggered. 
0076. The WTRU 210 may also be configured to decide, 
on a per-TTI basis, if a given transmission should be sent 
using TTI bundling. The WTRU 210 may send the upcoming 
transmission using TTI bundling if the given TTI bundling 
criteria or trigger is met. 
0077. The WTRU 210 may also be configured to decide if 

it should start or stop operating in a mode where it sends all 
Subsequent transmissions using TTI bundling. This may be 
done using any of a number of methods, examples of which 
are discussed herein. For example, the WTRU 210 may be 
configured to verify if a given TTI bundling criteria is met on 
a TTI-basis. It may be done periodically, triggered by other 
triggering criteria or signaled from the UTRAN 235. If the 
TTI bundling criterion is met, the WTRU 210 may send the 
upcoming transmission and all Subsequent transmissions 
using TTI bundling until the subsequent verification of the 
TTI bundling criteria triggers the WTRU 210 to deactivate 
TTI bundling mode. 
0078. In another example, the WTRU 210 may be config 
ured to decide if it should start or stop operating in a mode 
where its sends all Subsequent transmissions using TTI bun 
dling. Accordingly, when the WTRU 210 verifies if a given 
TTI bundling criteria is met, it is not done on a TTI-basis. It 
may be done periodically, triggered by another triggering 
criteria, or signaled from the UTRAN 235. If the TTI bun 
dling criteria is met, the WTRU 210 sends the upcoming 
transmission and all Subsequent ones using TTI bundling 
until the subsequent verification of the TTI bundling criteria 
triggers the WTRU 210 to deactivate TTI bundling mode. 
0079. In another example, the network, for example the 
UTRAN 235, configures the WTRU 210 to operate with TTI 
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bundling. This configuration may be an L3 RRC configura 
tion, where at least the WTRU 210 is made aware that the 
network also supports TTI bundling, and a list of possible 
configurations may be provided to the WTRU 210. Once 
configured with L3 signaling, the WTRU 210 may decide to 
perform bundling on a TTI basis, wherein the WTRU 210 
determines whether the conditions or triggers described are 
met prior to originating an initial transmission on the given 
HARO process. 
0080. In another example, once the WTRU 210 is config 
ured with TTI bundling via L3, L1 or L2 signaling may be 
used to dynamically and/or explicitly signal whether the 
WTRU 210 should activate TTI bundling. When this activa 
tion signaling is received, the WTRU210 determines whether 
TTI bundling should be applied in the next upcoming trans 
mission based on the conditions described herein. Once L1 or 
L2 deactivates TTI bundling, the WTRU 210 continues nor 
mal E-DCH operation. 
I0081. In another example, once the WTRU 210 is config 
ured for TTI bundling, and TTI bundling is activated (via L3, 
L2 or L1 signaling), the WTRU 210 deactivates the HARQ 
processes that correspond to autonomous retransmissions. 
Upon deactivation of TTI bundling, the WTRU 210 may 
return to its previous configuration (i.e., the processes that 
were activate before TTI bundling was enabled are reacti 
vated). 
I0082 In order to assist the network, for example the 
UTRAN 235, in dynamically activating/deactivating TTI 
bundling, the WTRU 210 may be configured to send an SI 
when one of the criteria is met. More specifically, the SI 
triggering criteria may be modified Such that anSI is triggered 
when the UPH is below a configured or predetermined thresh 
old. The trigger may also include the condition that the total 
E-DCH buffer status (TEBS) has to be different than Zero in 
order to trigger the SI. 
I0083. In another example, when the network receives the 
UPH value in the SI, the network may decide to activate TTI 
bundling using one of the methods described herein. Addi 
tionally, if the UPH goes above a predetermined threshold 
while TTI bundling is ongoing, the WTRU 210 may trigger 
another SI, which in turn may assist the network in deciding 
to deactivate TTI bundling using one of the methods 
described herein. 
I0084. Whether the control of the use of TTI bundling by a 
given WTRU210 is partially or fully retained by the UTRAN 
235 or the WTRU 210, the WTRU 210 may need to commu 
nicate to the base station 220 and to the non-serving base 
stations that the WTRU 210 is operating in TTI bundling 
mode. 
I0085 For example, this may occur when the WTRU 210 
has autonomously determined to start or to stop using TTI 
bundling. This may also occur when the UTRAN 235 has 
configured the WTRU 210 to start or stop operating in TTI 
bundling mode, but the actual start time of such change is not 
known by the UTRAN 235. This may also occur when the 
WTRU 210 is operating in soft handover and the non-serving 
cell (non-serving base station) has not determined that a 
WTRU 210 is using TTI bundling when the command to use 
TTI bundling has been communicated to the WTRU 210 by 
the serving cell (serving base station). This may occur when 
the WTRU 210 has been signaled to start, but the WTRU 210 
decides to finish transmission of the HARQ processes that 
will become inactive prior to initiating TTI bundling. This 
may also occur when TTI bundling has been activated or 
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signaled to the WTRU 210, but the WTRU 210 will only 
perform bundling if the triggers or conditions outlined herein 
are met. 

I0086 TTI bundling notification may include information 
that characterizes the use (or lack of use) of TTI bundling by 
the WTRU 210. For example, the notification may be an 
indicator as to whether or not a given transmission is sent 
using TTI bundling, the number of autonomous retransmis 
sions the WTRU 210 is using, and/or an indicator that all 
transmissions following the indication or signaling will be 
using the TTI bundling pattern configured by the network 
(e.g., the UTRAN 235) or decided by the WTRU 210 and 
signaled using one of the methods described herein. The 
notification may also be an indication whether the current 
transmission is a first transmission or a Subsequent transmis 
Sion of the TTI bundle. 
I0087. The TTI bundling notification sent to the UTRAN 
235 may be signaled at L1, L2 or L3 by the WTRU 210. 
I0088. The methods by which a WTRU 210 signals TTI 
bundling notification to the UTRAN235 may be split into two 
general categories. In the first category, the WTRU 210 may 
first convey the information as to the use of TTI bundling on 
a per-TTI basis. Alternatively, the WTRU 210 may use the 
same signaling methods described herein to convey an indi 
cation that the WTRU 210 has started or stopped transmitting 
in TTI bundling mode. The WTRU 210 does not need to 
notify the UTRAN 235 at every transmission. Notification 
may occur when the WTRU 210 starts or stops using TTI 
bundling. 
I0089. In the second category, the WTRU 210 may notify 
the UTRAN 235 that the WTRU 210 will use TTI bundling 
for a given amount of time, for a pre-determined number of 
transmissions or until the WTRU 210 notifies the UTRAN 
235 that it will stop using TTI bundling. 
0090. The WTRU 210 may be configured to implement 
the following example signaling methods that allow the 
WTRU 210 to convey to the UTRAN235, on a TTI-basis, the 
TTI bundling notification. The example methods described 
herein may be used individually or in any combination. For 
example, the WTRU 210 may indicate on a per TTI basis 
whether it is using TTI bundling once there has been a signal 
to activate the use of TTI bundling using any of the methods 
described in this disclosure. 
0091. In an example, the WTRU 210 may use a reserved 
value of Some existing enhanced downlink physical control 
channel (E-DPCCH) field or high speed downlink physical 
control channel (HS-DPCCH) field (for example, channel 
quality index (CQI), or E-DCH transportformat combination 
indicator (E-TFCI)) to indicate to the UTRAN 235 that the 
associated on-going transmissions uses TTI bundling. In 
another example, 5 or 6 bits from the E-TFCI field signals the 
actual E-TFCI and with the remaining bits indicates if the 
WTRU 210 is performing TTI bundling. At cell edge condi 
tions, the WTRU 210 does not use the full range of E-TFCI. 
Only the lower transport blocks sizes will be used by the 
WTRU 210 so a 7 bit E-TFCI field is not required. 
0092. The WTRU 210 may be configured to use the fol 
lowing example signaling methods to permit the WTRU 210 
to signal the UTRAN 235, on a TTI-basis, the TTI bundling 
notification. In an example, a new E-DCH transport block 
size table may be configured, or only a Subset (e.g., the lower 
part indexed by the first 5 or 6 bits) of an existing E-DCH 
transport block size table may be used. For example, a value 
of Zero may mean that the WTRU 210 is not performing TTI 
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bundling, and a value of 1 may indicate that TTI bundling is 
being performed. Alternatively, a value of Zero may imply 
that this is a first transmission, and for any Subsequent retrans 
mission the WTRU 210 signals a value of 1, to indicate that 
these are retransmissions of the same TTI bundle. In a further 
example, the two extra bits are used to indicate the HARQ 
process to which the transmission belongs. This may allow 
the base station 220 to determine the HARQ process in which 
the data should be combined without necessarily knowing the 
TTI bundle size. The values indicated by the two bits (0,1,2,3) 
may implicitly refer to HARQ process (0.2.4.6) respectively. 
(0093. The WTRU 210 may use a re-interpretation of the 
Happy Bit as a TTI bundling notification/indication bit. 
(0094. The WTRU 210 may use, in another example 
method, a TTIbundling notification/indicator field is added to 
the E-DPCCH, which may require adding another basis to the 
(32,10) Reed-Muller code currently used for E-DPCCH 
encoding. A new masking sequence may be designed to mini 
mize the probability of making an incorrect decision on the 
TTI bundling indication regardless of the value taken by the 
other information bits. 
(0095. The WTRU 210 may use, in another example 
method, a new channel is created that may convey such infor 
mation to the base station 220. This new channel may, for 
example, only be setup when the WTRU 210 is in a position 
where it may need Enhanced Uplink Coverage, and/or when 
the WTRU 210 is configured to operate in TTI bundling 
mode. A special sequence of symbols may be transmitted 
over the E-DPCCH (instead of the actual E-DPCCH infor 
mation). For example, this special sequence may be transmit 
ted for configured subsets of TTIs during the bundle. During 
the other TTIs, the regular E-DPCCH is transmitted. For 
special cases, for the first TTI in a TTI bundle, the E-DPCCH 
with the special sequence is transmitted. The other TTIs carry 
the regular E-DPCCH. In another example, the first and last 
TTI in a TTI bundle carry the E-DPCCH with the special 
sequence while the other TTIs carry the regular E-DPCCH. In 
another example, a different configured power-offset may be 
used on the E-DPCCH to carry the special sequence. This 
power-offset may optionally be used throughout the TTI 
bundle. In another example, this special sequence may be 
designed to have a large Hamming distance (or other metric) 
with all possible values and that the current E-DPCCH (with 
the Reed-Muller encoding) may take. 
(0096. The WTRU 210 may use in another example 
method, 3 bits from the E-DPCCH to indicate the HARQ 
process ID. This may allow the WTRU 210 to perform asyn 
chronous transmission and perform TTI bundling on any 
HARO process. The three bits to be used may result from a 
change of the E-DPCCH E-TFCI field (i.e., reducing the 
number of bits of the E-TFCI to 4), or alternatively, reducing 
the size of the E-TFCI and the RSN field. The 3 bits may also 
be added to the E-DPCCH channel. 
0097. Any reinterpretation of bits may be possible once 
the base station 220 or RNC signals to the WTRU 210 that it 
may start TTI bundling (without a given indication time). All 
of the base stations 220 are then made aware of the re-inter 
pretation of these bits. The different re-interpretation of con 
trol channel (e.g., E-DPCCH) information bits may option 
ally be linked to a configured subset of HARQ processes. In 
such cases, both the network and WTRU 210 know which 
control channel format to use for a given HARQ transmission. 
The presence or absence of a transmission from a previous 
HARO process, or the presence or absence of a specific 
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indication carried over the (e.g., E-DPCCH) control channel 
in a previous TTI may also indicate which control channel 
format or interpretation to use in the upcoming HARQ pro 
cesses. For example, the network may configure the WTRU 
210 such that HARQ process 0 uses a new interpretation of 
the E-DPCCH bits. Depending on the transmission or 
absence of transmission in HARQ process 0, the following 
HARO processes (e.g., 1, 2, and 3 for instance) may implic 
itly use one or the other E-DPCCH interpretation. This may 
be used for instance to avoid reserving HARQ processes for 
autonomous retransmissions. 

0098 Continuing with the example, if a HARQ transmis 
sion occurs in HARQ process 0, then the following HARQ 
processes (e.g., 1, 2 and 3) may be used by the WTRU 210 for 
autonomous retransmissions and the alternate interpretation 
of the control channel bits (e.g., E-DPCCH) is used. Other 
wise no autonomous retransmissions are used and the legacy 
interpretation of the E-DPCCH bits may be used by both the 
network and WTRU 210. 

0099. As another example of how the E-DPCCH bits may 
be re-interpreted when the WTRU 210 is configured to use 
TTI bundling, the retransmission sequence number (RSN) 
value may indicate whether or not the current TTI is part of a 
TTI bundle. For example, the value RSN=3 may be reserved 
for E-DPCCH transmitted along TTI bundles only. A new 
redundancy version mapping may then be defined as shown in 
Table 1. The WTRU 210 may then transmit RSN value 2 for 
the second HARQ retransmissions and over. 

TABLE 1. 

Relation between RSN value and E-DCHRV Index 
when WTRU is configured for TTI bundling 

RSN N./Ne.data.j /3 1/2 s N./Ne.datasi 
Value E-DCHRV Index E-DCHRV Index 

O O O 
1 2 3 

2 LTTIN/Naro mod 2 x 2 LTTIN/Naro mod 4 
3 O O 

0100. This arrangement may be used, for example, when 
there is no HARQ retransmission of a TTI bundle. That way 
there is no ambiguity as to whether or not the transmitted TTI 
bundle is a new transmission or a HARQ retransmission (as it 
is not transmitting RV-0). It should be noted that the entries 
in Table 1 may be changed, for example, to ensure that the 
second or third transmission prioritize the systematic bits. 
Also, the RV index within a TTI bundle may also change 
implicitly without being explicitly signaled. 
0101. In this example, the E-TFCI bits and the Happy Bit 
mapping may remain unchanged. Alternatively, when the 
special value of RSN indicates a TTI bundle is used, a differ 
ent interpretation of the E-TFCI bits field and HappyBbit may 
be used. For example, as suggested herein, the E-TFCI field 
may be reduced to 5 or 6 bits in this case and the 1 or 2 extra 
bits may be used to signal additional information, such as, the 
TTI bundle size or whether the TTI bundle is a new transmis 
sion, which may allow HARQ retransmission of TTI bundles. 
0102. In another example, the E-TFCI and Happy Bit 
fields are set to fixed and known values when the special value 
of RSN is used. This allows the WTRU 210 to reduce the 
transmission power of the E-DPCCH for the same detection 
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performance at the base station 220. The amount by which the 
E-DPCCH power is reduced in that case may be pre-defined 
or signaled by higher layers. 
(0103) The WTRU 210 may be configured to use L2 sig 
naling to control the use of TTI bundling by a WTRU210. For 
example, aheader field may be included in the MAC-e, MAC 
es, MAC-i or MAC-is header to indicate activation/deactiva 
tion of TTI bundling or to indicate the number of autonomous 
retransmissions the WTRU 210 is using. Alternatively, a spe 
cial value of the LCH-ID may be used to so that the subse 
quent four bits may be used to convey that TTI bundling has 
been activated or deactivated in the WTRU 210 for all subse 
quent transmission. One of the reserved values of the four bits 
may be used to indicate activation and another one to indicate 
deactivation. Alternatively, one of the values of the reserved 
bits may indicate that the payload contains TTI bundling 
information that the WTRU 210 is intending to use. 
0104. Alternatively, the WTRU 210 may send a reserved 
value of the SI to indicate activation/deactivation of TTI 
bundling. The L2 messages may be received by all base 
stations 220. Therefore, the base stations 220 may be aware 
that the WTRU 210 is initiating TTI bundling. 
0105. The WTRU 210 may ensure that the MAC-i PDU 
containing the information using any of the methods 
described herein is acknowledged by all base stations 220. To 
increase the probability that all base stations 220 receive the 
information the WTRU 210 may transmit the SI or other 
signal at a higher power than for a normal transmission (e.g. 
may use a power offset). 
0106. The WTRU 210 may also convey a TTI bundling 
notification to the UTRAN 235 using RRC signaling. For 
example, this may be achieved by adding new or modifying 
existing lEs in existing RRC control messages Such as Radio 
Bearer Configuration/Reconfiguration Confirm or a transport 
channel/physical channel configuration/reconfiguration con 
firm message. Alternatively, it may be achieved using new 
RRC control messages. The WTRU 210 may indicate the 
activation time (CFN) in which it intents to start TTI bundling 
information to the network. The RNC may then provide this 
information to all base stations 220 in the active set. 

01.07 If the WTRU210 uses MAC DTX as an indication to 
start TTI bundling, there may be no need to signal the initia 
tion of autonomous retransmissions. The base stations 220 
may monitor the TTIs in which the HARQ processes are 
deactivated for MAC DTX. When data is received over these 
TTIs, the base stations 220 may implicitly detect that the 
protocol data units (PDUs) are retransmissions of the active 
HARO processes. 
0108. The WTRU210 may also use a normal HARQ trans 
mission on the current HARQ process for the first transmis 
sion. If for the next transmission on this HARQ process the 
WTRU 210 has to perform a retransmission, the WTRU 210 
re-evaluates the above mentioned condition to determine 
whether it may send the retransmission using TTI bundling, 
and if the conditions are met, the WTRU 210 performs TTI 
bundling. 
0109 A WTRU 210 method and implementation thereof 

is disclosed for indicating the presence of a bundled trans 
mission or normal HARO transmission. In this example 
method, a Subset of known Sub-frames is semi-statically con 
figured to always use a special E-DPCCH format which indi 
cates information relevant to TTI bundling. Such E-DPCCH 
format may include the information fields as described 
herein. One of the information fields may indicate whether 
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bundled retransmissions or normal HARQ transmissions will 
occur in Subsequent Sub-frames. Because the reserved Sub 
frames are using a special E-DPCCH format, restrictions as to 
the type of data or the logical channels from which data may 
be taken for transmission in these sub-frames may be defined. 
For example, data from the logical channel including the 
Voice over IP (VoIP) traffic to be transmitted in the reserved 
sub-frames may only be allowed. Alternatively, the restriction 
may be in terms of the maximum transport block size on this 
process. This allows the use of fewer bits for the E-TFCI. 
0110. In the remaining subset of sub-frames, either the 
normal (legacy) E-DPCCH format or the special E-DPCCH 
format may be used depending on whether the Sub-frame is 
used to transmit a bundled transmission or a normal HARQ 
transmission from the HARQ process that should normally be 
used for synchronous HARQ timing. The base station 220 
may detect whether a bundled or normal transmission is tak 
ing place based on either blind detection of the E-DPCCH 
format, detection of the power ratio between E-DPCCH and 
DPCCH (which may be different between the special 
E-DPCCH format and legacy E-DPCCH format), or an indi 
cation that bundling has occurred from the special E-DPCCH 
transmitted in the previous reserved sub-frame. 
0111. The following example demonstrates how this 
method may be applied. Assume 8 synchronous HARQ pro 
cesses. The sub-frames corresponding to HARQ processes 0 
and 4 may be configured to always use the special E-DPCCH 
format. These HARQ processes may only transmit data from 
a predetermined logical channel, Such as a channel including 
voice data. Whenever the WTRU 210 determines that bun 
dling is needed for transmitting data from either HARQ pro 
cess 0 or 4, the WTRU210 indicates this in the corresponding 
E-DPCCH transmission. Then, subsequent sub-frames (e.g., 
in this case, for HARQ process 0, the processes normally 
where transmissions from HARQ processes 1 to 3 may have 
occurred) are utilized for bundled retransmissions of HARQ 
process 0, and these Sub-frames may use the special 
E-DPCCH format. In the opposite case (no TTI bundling), the 
WTRU 210 transmits from HARQ processes 1 to 3 using the 
normal E-DPCCH format. 

0112 Discussed now are example flowcharts with the dis 
closure presented herein. The example flowcharts are illus 
trative and not limiting with respect to the disclosure pre 
sented herein. The WTRU 210 and base Station 220 are 
configured to perform the example flowcharts discussed 
herein. 

0113 FIG. 3 illustrates an example flowchart 300 for 
determining if TTI bundling should be used using the criteria 
and signaling disclosed herein. Referring also to FIG. 2, the 
WTRU 210 receives a RRC TTI bundling configuration 
(310), wherein the RRC configures the WTRU210 to use TTI 
bundling and provides any applicable parameters. If for the 
given TTI, the WTRU 210 has data to transmit, e.g., E-TFC 
selection is being performed for a given HARQ process or if 
the WTRU 210 is performing a HARQ retransmission, the 
WTRU 210 determines if TTI bundling is active (315). As 
described herein, TTI bundling activation/deactivation may 
be controlled using at least different two signaling methods. 
In a first example, TTI bundling activation/deactivation may 
be controlled via activation/deactivation messages that are 
received, for example, via a L1 signal Such as an E-AGCH or 
HS-SCCH order. If an activation or deactivation message is 
received, TTI bundling is set to active or inactive, respec 
tively. In another example method, the RRC TTI bundling 
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configuration message activates TTI bundling upon reception 
of the RRC TTI bundling configuration message (310). Addi 
tionally, L1 signaling may further activate/deactivate TTI 
bundling. Alternatively, the WTRU 210 may consider TTI 
bundling active/inactive only after a L1 message has been 
received. It is understood that if an RRC TTI bundling con 
figuration message is removing the TTI bundling configura 
tion, TTI bundling is inactive. If the WTRU 210 determines 
that TTI bundling is not active, then the WTRU 210 performs 
normal HARQ processing (320). The WTRU 210 may also 
transmit a notification message to, for example base station 
220, that TTI bundling is not being performed (320). This 
notification message may be transmitted via, for example, the 
E-DPCCH. 

0114. If TTI bundling is active or was already active, the 
WTRU 210 then determines if the WTRU 210 has become 
power limited using one of the criteria discussed herein (330). 
For example, the WTRU 210 may check the uplink power 
headroom, make a CPICH measurement and determination, 
check the NRPM, calculate remaining power margin or deter 
mine if the transmit power exceeds the maximum allowed 
power value (330). If the WTRU 210 determines that it is 
power limited (330), the WTRU 210 performs bundled trans 
missions (340). The WTRU 210 may also transmit a notifi 
cation message to, for example base station 220, that the 
transmission corresponds to a bundled transmission (340). 
This notification message may be transmitted via, for 
example, the E-DPCCH. If the WTRU 210 determines that it 
is not power limited (340), then the WTRU 210 uses normal 
HARO processing (320). The WTRU 210 may also transmit 
a notification message to, for example base station 220, that 
TTI bundling is not being performed (320). This notification 
message may be transmitted via, for example, the E-DPCCH. 
0115 Referring now FIG. 4, flowchart 400 shows an 
example L3 TTI bundling method. The WTRU 210 has been 
configured with TTI bundling and is in an active mode based 
on configuration information sent via, for example, a RRC 
TTI bundling configuration message (410). Although not 
illustrated, the RRC TTI bundling configuration message 
may deactivate TTI bundling once TTI bundling has been 
activated. 

0116. Once configured by an RRC TTI bundling configu 
ration message, the WTRU 210 then determines if the WTRU 
210 has become power limited using one of the criteria dis 
cussed herein when data transmission is being performed or 
E-TFC selection is being performed or if the WTRU 210 is 
performing a HARQ retransmission (430). For example, the 
WTRU 210 may check the uplink power headroom, make a 
CPICH measurement and determination, check the NRPM, 
calculate remaining power margin or determine if the trans 
mit power exceeds the maximum allowed power value (430). 
If the WTRU210 determines that it is power limited (430), the 
WTRU 210 performs bundled transmissions (440). The 
WTRU 210 may also transmit a notification message to, for 
example base station 220, that the transmission corresponds 
to a bundled transmission (440). This notification message 
may be transmitted via, for example, the E-DPCCH. If the 
WTRU210 determines that it is not power limited (440), then 
the WTRU 210 uses normal HARQ processing (420). The 
WTRU 210 may also transmit a notification message to, for 
example base station 220, that TTI bundling is not being 
performed. This notification message may be transmitted via, 
for example, the E-DPCCH (420). 
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0117 Referring now FIG. 5, flowchart 500 shows another 
example L3 TTI bundling method. The WTRU 210 has been 
configured with TTI bundling and may be in an active mode 
based on configuration information sent via, for example, a 
RRC TTI bundling configuration message (510). Although 
not illustrated, the RRC TTI bundling configuration message 
may deactivate TTI bundling once TTI bundling has been 
activated. 
0118. Once configured by an RRC TTI bundling configu 
ration message, the WTRU 210 then determines if the WTRU 
210 has become power limited using one of the criteria dis 
cussed herein (530). For example, the WTRU 210 may check 
the uplink power headroom, make a CPICH measurement 
and determination, check the NRPM, calculate remaining 
power margin or determine if the transmit power exceeds the 
maximum allowed power value (530). The power limitation 
check is continuous for so long as the WTRU 210 is in TTI 
bundling configuration mode (530). The WTRU210 may also 
send a notification that the WTRU 210 has become power 
limited or is no longer power limited. Alternatively, this noti 
fication message may be sent after the WTRU 210 was power 
limited and is now no longer power limited. 
0119. If the WTRU210 determines that it has become or is 
power limited (530), the WTRU 210 transmits a notification 
message to, for example base station 220 that the WTRU 210 
is power limited (540). For example, the notification may be 
sent by triggering the transmission of a Scheduling Informa 
tion (SI). The WTRU 210, when data transmission is being 
performed or E-TFC selection is being performed, then 
checks if TTI bundling is active (550). As described herein, 
the WTRU 210 sets TTI bundling to active when it receives a 
TTI bundling activation message and it sets it to inactive when 
a TTI bundling deactivation message is received. If a TTI 
bundling activation message is received via for example an L1 
signaling element and TTI bundling is set to active, then the 
WTRU 210 performs bundled transmissions (560). The 
WTRU 210 may also transmit a notification message to, for 
example base station 220, that the transmission corresponds 
to a bundled transmission (560). If the TTI bundling activa 
tion message is not received or if a TTI bundling deactivation 
message is received and TTI bundling is inactive (550), then 
the WTRU 210 performs normal single HARQ transmissions 
(535) and continues to check power limitations (530). The 
WTRU 210 may also transmit a notification message to, for 
example base station 220, that TTI bundling is not being 
performed (535). This notification message may be transmit 
ted via, for example, the E-DPCCH. 
0120 Although features and elements are described 
herein in particular combinations, each feature or element 
may be used alone without the other features and elements or 
in various combinations with or without other features and 
elements. The methods or flow charts provided herein may be 
implemented in a computer program, Software, or firmware 
incorporated in a computer-readable storage medium for 
execution by a general purpose computer or a processor. 
Examples of computer-readable storage mediums include a 
read only memory (ROM), a random access memory (RAM), 
a register, cache memory, semiconductor memory devices, 
magnetic media such as internal hard disks and removable 
disks, magneto-optical media, and optical media Such as CD 
ROM disks, and digital versatile disks (DVDs). 
0121 Suitable processors include, by way of example, a 
general purpose processor, a special purpose processor, a 
conventional processor, a digital signal processor (DSP), a 
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plurality of microprocessors, one or more microprocessors in 
association with a DSP core, a controller, a microcontroller, 
Application Specific Integrated Circuits (ASICs), Field Pro 
grammable Gate Arrays (FPGAs) circuits, any other type of 
integrated circuit (IC), and/or a state machine. 
I0122) A processor in association with software may be 
used to implement a radio frequency transceiver for use in a 
wireless transmit receive unit (WTRU), user equipment (UE), 
terminal, base station, radio network controller (RNC), or any 
host computer. The WTRU may be used in conjunction with 
modules, implemented inhardware and/or software. Such as a 
camera, a video camera module, a videophone, a speaker 
phone, a vibration device, a speaker, a microphone, a televi 
sion transceiver, a hands free headset, a keyboard, a Blue 
tooth R module, a frequency modulated (FM) radio unit, a 
liquid crystal display (LCD) display unit, an organic light 
emitting diode (OLED) display unit, a digital music player, a 
media player, a video game player module, an Internet 
browser, and/or any wireless local area network (WLAN) or 
Ultra Wide Band (UWB) module. 
What is claimed is: 
1. A method for implementing transmission time interval 

(TTI) bundling in a wireless transmit/receive unit (WTRU). 
the method comprising: 

receiving a TTI bundling configuration message via at least 
one of a layer one (L1), a layer two (L2) or a layer three 
(L3) signaling element; 

determining that TTI bundling is to be performed based on 
the TTI bundling configuration message and on a con 
dition that at least one criteria is met; and 

transmitting a notification on a condition that TTI bundling 
is being performed. 

2. The method of claim 1, wherein the TTI bundling con 
figuration message is one of an activation message, deactiva 
tion message or configuration information message. 

3. The method of claim 1, wherein the TTI bundling con 
figuration message is a radio resource controller (RRC) mes 
sage that configures the WTRU to use TTI bundling and 
provides configuration information. 

4. The method of claim 3, further comprising receiving an 
additional configuration message used to activate or deacti 
vate TTI bundling. 

5. The method of claim 1, wherein the L1 signaling element 
is an enhanced-absolute grant channel (E-AGCH). 

6. The method of claim 1, wherein the L1 signaling element 
is a high speed-shared control channel (HS-SCCH) order. 

7. The method of claim 1, wherein determining the at least 
one criteria checks that an uplink power headroom measure 
ment is below a threshold to trigger TTI bundling. 

8. The method of claim 1, wherein determining the at least 
one criteria checks that a common pilot channel (CPICH) 
measurement is below a threshold to trigger TTI bundling. 

9. The method of claim 1, wherein determining the at least 
one criteria checks that a normalized remaining power margin 
(NRPM) is below a threshold to trigger TTI bundling. 

10. The method of claim 1, wherein determining the at least 
one criteria checks that a remaining power margin is below a 
required power level to transmit any of a configured set of 
enhanced-transport format combination indication (E-TFCI) 
to trigger TTI bundling. 

11. The method of claim 1, wherein determining the at least 
one criteria checks that transmit power exceeds a maximum 
allowed power value to trigger TTI bundling. 
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12. The method of claim 1, whereindetermining the at least 
one criteria checks that one of a highest logical channel or 
MAC-d flow belongs to a list of allowed logical channels for 
TTI bundling to trigger TTI bundling. 

13. The method of claim 1, further comprising reserving at 
least one hybrid-automatic repeat request (HARO) process 
for TTI bundling. 

14. The method of claim 1, wherein the notification is 
transmitted via a reserved value in a scheduling information 
(SI). 

15. The method of claim 1, wherein the notification is 
signaled via an enhanced-transport format combination indi 
cation (E-TFCI) field in an enhanced-downlink physical con 
trol channel (E-DPCCH) via at least one of reducing the 
E-TFCI field and using a subset of the E-TFCI field and/or 
using at least one remaining bit and/or using at least one 
additional bit to indicate the use of TTI bundling. 

16. The method of claim 1, wherein the notification is 
signaled via a reinterpretation of a retransmission sequence 
number (RSN) field in an enhanced-downlink physical con 
trol channel (E-DPCCH). 

17. The method of claim 1, further comprising performing 
the determination on a per TTI basis. 
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18. The method of claim 1, wherein the TTI bundling 
configuration message is a radio resource controller (RRC) 
message that configures and activates TTI bundling at the 
WTRU. 

19. The method of claim 1, further comprising: 
receiving configuration information in the TTI bundling 

configuration message; and 
using the configuration information on a condition that a 

further TTI bundling configuration message contains 
one of an activation message or a deactivation message. 

20. A wireless transmit/receive unit (WTRU) configured to 
Support transmission time interval (TTI) bundling, the 
WTRU comprising: 

a receiver, 
a transmitter, and 
a processor in communication with the receiver and trans 

mitter, the processor configured to receive a TTI bun 
dling configuration message via at least one of a layer 
one (L1), a layer two (L2) or a layer three (L3) signaling 
element; configured to determine that TTI bundling is to 
be performed based on the TTI bundling configuration 
message and on a condition that at least one criteria is 
met; and configured to transmit a notification on a con 
dition that TTI bundling is being performed. 
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